Trapping success and population analysis of Siren lacertina and Amphiuma means by Sorensen, Kristina
TRAPPING SUCCESS AND POPULATION ANALYSIS OF Siren lacertina AND 
Amphiuma means 
By 
KRISTINA SORENSEN 
A THESIS PRESENTED TO THE GRADUATE SCHOOL 
OF THE UNIVERSITY OF FLORIDA IN PARTIAL FULFILLMENT 
OF THE REQUIREMENTS FOR THE DEGREE OF 
MASTER OF SCIENCE 
UNIVERSITY OF FLORIDA 
2003 
ACKNOWLEDGMENTS 
I thank my committee members Lora Smith, Franklin Percival, and Dick Franz for 
all their support and advice. The Department of Interior's Student Career Experience 
Program and the U.S. Geological Survey's Amphibian Research and Monitoring 
Initiative provided funding for this project. I thank those involved with these programs 
who have helped me over the last three years: David Trauger, Ken Dodd, Jamie 
Barichivich, Jennifer Staiger, Kevin Smith, and Steve Johnson. Numerous people helped 
with field work: Audrey Owens, Maya Zacharow, Chris Gregory, Matt Chopp, Amanda 
Rice, Paul Loud, Travis Tuten, Steve Johnson, and Jennifer Staiger, Lora Smith, and the 
UF Wildlife Field Techniques Courses of2001-2002. Paul Moler and John Jensen 
provided advice and shared their wealth of herpetological knowledge. I thank the staff of 
Okefenokee National Wildlife Refuge and Steve Coates, manager of the Ordway 
Preserve, for their assistance on numerous occasions and for permission to conduct 
research on their property. Marinela Capanu of the IFAS Statistical Consulting Unit 
assisted with statistical analysis. Julien Martin, Bob Dorazio, Rob Bennets, and Cathy 
Langtimm provided advice on population analysis. I also thank the administrative staff 
of the Florida Caribbean Science Center and the Florida Cooperative Fish and Wildlife 
Research Unit. I am much indebted to all of these people, without whom this thesis 
would not have been possible. 
11 
TABLE OF CONTENTS 
ACKNOWLEDGMENTS ........................................................................... ii 
ABSTRACT .......................................................................................... v 
CHAPTER 
1 INTRODUCTION ...................................................................... 1 
Study Animals ...................................................................... 2 
Study Sites ......................................................................... 6 
Review of Aquatic Salamander Capture Techniques ......................... 7 
Research Objectives/Questions ................................................. 10 
2 TRAPPING SUCCESS ............................................................... 12 
Introduction...................................................................... 12 
Methods ............................................................................ 12 
Okefenokee............................ .............................. .... 15 
Lake Suggs ............................................................... 15 
Environmental Data... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 17 
Data Analysis ............................................................ 19 
Results .............................................................................. 20 
Okefenokee......................... ............... ............... ....... 20 
Lake Suggs ............................................................. :. 28 
Environmental Data .................................................... , 46 
Discussion ......................................................................... 46 
Trap Variables ............................................................ 53 
Activity Patterns .......................................................... 54 
Environmental Variables ............................................... 55 
Comparisons To Other Studies ........................................ 57 
Recommendations ....................................................... 58 
3 POPULATION CHARACTERISTICS ............................................ 60 
Introduction ................................................... , . . . . . . . . . . . . . . . . ... 60 
Methods ............................................................................. 60 
Marking ................................................................... 61 
Squeezebox....... ......... . ................. ............................ 62 
Trapping .................................................................. 65 
iii 
Morphometric Data. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . 67 
Population Analysis ..................................................... 68 
Results ............................................................................. 69 
Habitat Selection and Movement. ..................................... 69 
Seasonal Activity ........................................................ 70 
Size Class Distribution .................................................. 70 
Growth .................................................................... 70 
Sex Determination ...................................................... 76 
Population Analysis ..................................................... 76 
Discussion ......................................................................... 80 
Habitat Selection and Movement. ..................................... 80 
Seasonal Activity ........................................................ 82 
Size Class Distribution ................................................... 83 
Growth .................................................................... 83 
Sex Determination. . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .... 84 
Population Analysis ..................................................... 85 
4 CONCLUSIONS....................................................................... 87 
LITERATURE CITED ............................................................................. 90 
BIOGRAPHICAL SKETCH ..................................................................... 96 
IV 
Abstract of Thesis Presented to the Graduate School 
of the University of Florida in Partial Fulfillment of the 
Requirements for the Master of Science 
TRAPPING SUCCESS AND POPULATION ANALYSIS OF Siren lacertina AND 
Amphiuma means 
By 
Kristina Sorensen 
May 2003 
Chair: H. Franklin Percival 
Major Department: Wildlife Ecology and Conservation 
Siren and Amphiuma are two poorly known genera of aquatic salamanders that 
occur in the Southeastern United States. A primarily bottom-dwelling existence makes 
these salamanders difficult to detect with conventional sampling methodologies. 
Therefore, the current status of their populations is unknown. I compared the capture 
success of modified crayfish traps and plastic minnow traps in capturing these 
salamanders. In addition, a mark-recapture study of S. lacertina (Greater siren) and A. 
means (Two-toed amphiuma) was conducted at Okefenokee National Wildlife Refuge 
(southern Georgia) and at Katharine Ordway Preserve (north-central Florida) from 
August 2001 until September 2002. 
Crayfish traps were much more successful than minnow traps in catching siren 
and amphiuma. Crayfish traps yielded 270 captures for an overall capture success of 
16%, whereas minnow traps yielded only 13 captures for an overall success rate of 
0.05%. In addition, several marking techniques were evaluated, and of these, only 
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passive integrated transponder (PIT) tags were retained for the duration of the study. 
Therefore, I recommend this marking technique for long-term monitoring of S. lacertina 
and A. means. 
Several variables were found to have significant effects on capture rates of 
salamanders. A. means were most often captured in summer and the number of captures 
was positively correlated with water temperature, water level, and rainfall. S. lacertina 
were most often captured during winter and spring. Number of captures was negatively 
correlated with water temperature, while no relationship was found with water level or 
rainfall. Trap day and baiting had no significant effect on number of A. means or S. 
lacertina captured. 
Recapture probabilities of both species were low, 0.025-0.03 for S. lacertina and 
0.08-0.11 for A. means. Monthly survival rates were high, 0.77-0.97 for A. means and 
0.88-1.00 for S. lacertina. Density estimates of 1.3 salamanders/m2 (S. lacertina) and 
0.28 salamanders/m2 (A. means) were obtained for Lake Suggs using Jolly-Seber models. 
Siren and amphiuma make up a substantial part of wetland biomass and can impact many 
other wetland species. Thus, more attention must be focused on evaluating and 
monitoring their populations. 
VI 
CHAPTER 1 
INTRODUCTION 
Amphibian declines have occurred worldwide, on different continents and in 
relatively pristine habitats (Pounds and Crump, 1994; Laurance, 1996; Lips, 1998). It is 
uncertain what is causing many of these declines, but most likely a number of factors are 
involved (Reaser, 2000). Beyond habitat loss, researchers have proposed a number of 
other hypotheses, including UV radiation, herbicides, disease, and global warming 
(Blaustein et aI., 1994; Daszak et aI., 1999; Pounds et aI., 1999, Hayes et aI., 2002). 
However, no one hypothesis can explain every decline. Amphibian populations are most 
likely affected by a combination of these factors (Reaser, 2000). 
In order to document and potentially prevent future declines, we must first be 
aware of the current status of amphibian populations. Many amphibians experience 
natural population flUctuations because of explosive reproductive strategies and 
variability in weather patterns. Naturally cyclic populations and a complex life history, 
make amphibians difficult to monitor long-term (Pechmann et aI., 1991). 
Most amphibians are small and cryptic, making them difficult to observe. 
However, frogs typically vocalize during breeding events and can therefore be surveyed 
relatively easily using aural surveys. Most salamanders do not vocalize and they spend 
much of their time underground or underwater and are therefore difficult to survey and 
can often go undetected if only visual search methods are used. More efficient 
techniques to detect and monitor amphibians, especially salamanders, need to be 
developed (Heyer et aI., 1994). 
1 
2 
I evaluated a new method for capturing two salamander species (Siren lacertina 
and Amphiuma means) that may be useful for monitoring their populations. I also 
collected baseline data on the demography of S. lacertina and A. means at two sites (Lake 
Suggs, Melrose, FL, and Okefenokee National Wildlife Refuge, southeastern Georgia). 
These species are fully aquatic, rarely observed and thus poorly understood. We lack 
basic life history information such as longevity, survival rates, age at first reproduction, 
juvenile ecology, and reproductive behavior for these salamanders. We have no 
information on the population status of either species (Petranka, 1998). 
In addition, Moler (pers. comm.) has found several populations of Siren sp. in the 
Florida panhandle, which he believes are new, undescribed species. These species have 
limited geographic ranges and patchy distributions, making them especially vulnerable to 
habitat changes. Development of a new trapping methodology for these salamanders will 
aid in population studies and monitoring efforts. 
Study Animals 
Description. Siren and Amphiuma are fully aquatic salamanders that occur in the 
Southeastern coastal plain ofthe United States. Species that occur in north Florida/south 
Georgia include greater siren (Siren lacertina), lesser siren (Siren intermedia), two-toed 
amphiuma (Amphiuma means), one-toed amphiuma (Amphiuma pholeter), narrow-striped 
dwarf siren (Pseudobranchus axanthus) and the broad-striped dwarf siren 
(Pseudobranchus striatus). All of these salamanders have been severely neglected in 
scientific study. Little is known about their basic life history, ecology, and population 
status (Conant and Collins, 1998). 
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The sirenid salamanders are composed of two extant genera (Siren and 
Pseudobranchus). These species have elongated, eel-shaped bodies and range in size 
from 10 cm (Pseudobranchus spp.) to 38 cm (S. intermedia) to 70 cm (S. lacertina) total 
body length. All species in this family have external gills. In addition, they lack hind 
limbs and have greatly reduced fore limbs with either three toes (Pseudobranchus) or 
four toes (Siren) (Petranka, 1998). 
The family Amphiumidae contains three species. All species have elongated 
bodies with four greatly reduced limbs and varying number of toes. Two-toed amphiuma 
(A. means) are found throughout the Southeastern coastal plain. One-toed amphiuma (A. 
pholeter) are restricted to southwestern Georgia and the panhandle of Florida, extending 
south to the Gulf Hammock region of the peninsula. Three-toed amphiuma (A. 
tridactylum) occur from eastern Texas to Alabama, north to the southern tip of Missouri. 
Total length ranges from 30 cm (A. pholeter) to 116 cm (A. means) making these among 
the largest salamanders in the United States. All species have lungs, a single gill slit, and 
lack external gills (Petranka, 1998). 
Habitat. Both siren and amphiuma are found in permanent and ephemeral 
habitats including ditches, swamps, marshes, lakes, and creeks (Conant and Collins, 
1998). They are typically found in areas of heavy vegetation or deep bottom sediments. 
Siren and amphiuma are well adapted to conditions associated with fluctuating water 
levels. They can burrow in mud and aestivate for long periods oftime (Knepton, 1954; 
Rose, 1966; Martof, 1969; Etheridge, 1990). They can also cross short distances over 
land during flood events or periods of heavy rain, in order to reach nearby wetlands 
(Gibbons and Semlitsch, 1991). 
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Diet. The diet of siren and amphiuma consists mainly of invertebrates. Clams, 
crayfish, algae, and detritus are the food items most often recorded for siren (Burch and 
Wood, 1955; Hanlin, 1978; Moler, 1994). Amphiumas have powerful jaws with a series 
of sharp teeth; in addition to invertebrates, they feed on small fish, tadpoles, salamanders, 
and frogs (Hamilton, 1950). Both species are nocturnal, actively foraging at night and 
retreating to burrows during the day (Petranka, 1998). Their reduced eyes, reduced limbs 
and streamlined body are presumably adaptations for a fossorial existence. They have 
well-developed lateral line, olfactory and vemoronasal systems which may be used for 
detecting prey (Eisthen, 2000; Sullivan et aI., 2000). 
Reproduction. Very little is known about reproduction of siren and amphiuma. 
Both have large reproductive potential, typically laying between 100-200 
eggs/female/year (Rose, 1966; Gehlbach and Kennedy, 1978; Gunzburger, 2001). 
Timing of reproduction is uncertain, but appears to be different among species. 
Amphiuma have internal fertilization (Baker et aI., 1947; Rose, 1967). Females 
lay eggs in long string-like strands in burrows or under logs, and they attend the nest until 
hatching (Weber, 1944; Gunzburger, 2001). Breeding is thought to occur in late winter 
(Baker et aI., 1947; Rose, 1967). However, nests of A. means have been found in 
February (Weber, 1944), July (Brimley, 1910), and September (Seyle, 1985) suggesting 
that they may be capable of reproduction year-round. 
Reproduction of siren is very poorly known. Fertilization is believed to be 
external, although it has never been observed in captivity. Eggs are deposited singly or in 
groups (Ultsch, 1973; Hanlin and Mount, 1978; Godley 1983). In S. intermedia, 
breeding occurs in late winter/early spring (Gehlbach and Kennedy, 1978; Godley, 1983; 
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Raymond, 1991), but may vary geographically (Davis and Knapp, 1953; Gibbons and 
Semlitch, 1991). Breeding in S. lacertina is believed to occur from February to March 
(Hanlin and Mount, 1978). 
Activity. Both siren and amphiuma are most active at night, but may have 
different seasonal activity patterns. S. intermedia is most active in fall and winter 
(Raymond, 1991) while S. lacertina and A. means appear to be most active in summer 
(Hanlin and Mount, 1978; Machovina,1994). With all species, capture rates, and 
presumably activity, are influenced by water temperature (Gehlbach and Kennedy, 1978; 
Hanlin and Mount, 1978; Machovina, 1994). Very few field studies have focused on S. 
lacertina or A. means, and thus significantly less is known about their general life history 
than S. intermedia. 
Importance. Several studies of S. intermedia indicate that these species play an 
important role in wetland ecosystems by influencing species composition and distribution 
(Fauth, 1999; Fauth and Resetarits, 1999; Snodgrass et aI., 1999). In addition, siren and 
amphiuma are often very abundant in ecosystems. While there is no corresponding data 
for A. means or S. lacertina, density estimates for S. intermedia populations range from 
1.3 sirens/m2 to 1.7 sirens/m2 (Gehlbach and Kennedy, 1978; Frese, 2000). High 
reproductive output and large body size account for high biomass estimates (38 to 
72g/m2) in siren (Gehlbach and Kennedy, 1978; Frese, 2000). Many animals such as 
birds, alligators and large fish undoubtedly feed on siren and amphiuma (Dye, 1982; 
Delany and Ambercrombie, 1986; Petranka, 1998). Some species, such as the mud snake 
(Farancia abacura), may specialize on siren and amphiuma (Baker, 1945). In addition, 
siren and amphiuma can be the primary predators in small, isolated wetlands (Fauth and 
-------_.----"" 
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Resetarits, 1991; M.J.Aresco, unpubl. data). Thus, a decline in population of either 
species could have significant impacts on the entire trophic community 
Study Sites 
Okefenokee National Wildlife Refuge. The Okefenokee Swamp is a 177,000 ha 
freshwater wetland located in southeastern Georgia and northern Florida. The swamp is 
the source for both the st. Mary's river, which flows east to the Atlantic Ocean, and the 
Suwannee River, which flows west into the Gulf of Mexico. The water is highly acidic 
(average pH 3.7), which influences the composition of aquatic plant and animal 
communities (Laerm and Freeman, 1986.) 
The geological origins of the swamp basin are uncertain. The traditional and most 
widely accepted theory is that Okefenokee Swamp was originally a coastal lagoon that 
was isolated from the ocean by a large sand bar (Trail Ridge) nearly 200,000 years ago. 
Over tIme, water evaporated and remnant salts were removed by wind. Rainfall refilled 
the basin and created a freshwater wetland. Freshwater plants established and decayed, 
creating the acidic, peat dominated ecosystem found today (Parrish and Rykiel, 1979). 
The Okefenokee National Wildlife Refuge (ONWR) includes 160,000 hectares of 
the swamp with the remaining land privately owned. The refuge is characterized by a 
diversity of habitats including: wet prairie, man-made canals, titi thickets, forested 
wetlands, lakes, and pine flatwoods. The hydroperiod is variable, and is primarily 
influenced by rainfall patterns (Loftin, 1998). 
The swamp has been heavily impacted by human activity. Early settlers attempted to 
drain the swamp to create agricultural land through the construction of the Suwannee 
Canal in 1891. The effort failed, and in the early 1900's, intensive logging operations 
7 
began which removed most of the large cypress, pine and gum from the swamp. During 
this same time, peat was also being mined from the swamp (Izlar, 1984). Most of these 
activities had stopped by 1937, when the refuge was officially established. The 
Suwannee Sill, a water control structure across the headwaters of the Suwannee River, 
was built in 1960 in an attempt to retain water in the swamp and prevent the spread of 
wildfires on adjacent private lands. The sill has had localized impacts on the swamp's 
hydrology, fire regime and plant species distribution (Loftin, 1998). 
The Katharine Ordway Preserve - Swisher Memorial Sanctuary. The Ordway 
Preserve is roughly 3900 ha in size and is located in western Putnam County, Florida (N 
29° 41' W 82°). It is a mosaic of sandhills, ruderal sites, bottomland forests, clear and 
dark water permanent lakes, and ephemeral wetlands. The Preserve geographically lies 
on sand ridges on the Eastern margin of the old Northern Highlands (Franz and Hall, 
1991). 
The land has historically been farmed, logged, pines were used in turpentine 
production by European settlers in the late 1800's. In the 1930's the land was purchased 
by the Swisher family as a private hunting/fishing preserve. Some of the land was later 
donated to the Nature Conservancy, and the University of Florida Foundation purchased 
the remainder. Today, the Preserve is jointly managed by The Nature Conservancy and 
the UF Foundation, and serves as a research and teaching facility for the University of 
Florida (Eisenberg and Franz, 1995). 
Review of Aquatic Salamander Capture Techniques 
Siren and amphiuma are difficult to observe and/or capture, which may account 
for the lack of scientific study ofthese species. They spend their entire life in water, 
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most often in thick vegetation mats or buried in bottom sediments. Therefore, most of 
the conventional amphibian sampling techniques used with frogs and salamanders, such 
as visual encounter surveys and area-constrained searches, rarely detect these species. 
One of the definitive guides to amphibian sampling, Measuring and Monitoring 
Biological Diversity: Standard Methods/or Amphibians (Heyer et aI., 1994), rarely 
mentions siren or amphiuma and does not provide a reliable capture method for these 
species. These salamanders have been successfully caught using a number of methods 
including: baited hooks, dredging, dipnetting, and funnel traps (Gehlbach and Kennedy, 
1978; Hanlin and Mount, 1978; Raymond, 1991; Fauth, 1999; P.E. Moler, pers. comm.). 
Dipnets are often used by herpetologists to capture aquatic amphibians. 
Dipnetting works well for capturing amphibian larvae in shallow, open water but can be 
difficult in areas of heavy vegetation (Heyer et aI., 1994). The Goin dredge (Goin, 1942) 
was designed to use in areas of dense vegetation, specifically to catch vertebrates in water 
hyacinth (Eichornia crassipes) mats, and traditionally has been a favored method for 
catching siren and amphiuma. Both dipnetting and dredging are effective for collecting 
small individuals or to detect presence/absence. However, both methods are laborious 
and can be destructive to the habitat, ifused frequently. It is also hard to accurately 
quantify the sample effort due to variability in how individuals apply the technique. 
Therefore, these methods have not been used to measure abundance or to monitor 
populations (Heyer et aI., 1994). 
In contrast, trapping effort can be easily quantified as the number of trap days/unit 
time. Most trapping techniques are non-destructive to the habitat and much less labor 
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intensive than dredging or dipnetting. However, traps can be expensive and must be 
checked regularly to prevent mortality. 
There are several biases associated with trapping that must be considered. First, 
mesh size and funnel diameter limit the size of animal that will be captured. Second, 
baiting traps can influence the numbers of individuals and species that are captured by 
attracting animals to traps. Baiting may also increase the incidence of trap destruction by 
attracting alligators to the area. Lastly, trap placement, both within different habitat types 
and between adjacent traps may affect the number of species or individuals captured 
(Adams et aI., 1997). Certain species have strict microhabitat requirements and can be 
missed if traps are not placed in the appropriate habitat. Additionally, for species with 
limited movement or small home ranges, traps placed far apart may miss many 
individuals and cause an underestimate of populations. Animals may also exhibit 
behavioral responses to traps (e.g., trap-avoidance) that can affect the number of 
individuals recaptured and thus affect population estimates (Heyer et aI., 1994). 
Historically, funnel traps have been used to catch a number of aquatic species, 
including amphibians. These traps can vary in design, but all are roughly cylindrical and 
have funnels on each end in which animals may enter the trap. They have proven 
successful in catching aquatic salamanders (Gehlbach and Kennedy, 1978; Machovina, 
1994; Adams et aI., 1997). These traps are typically floated, or placed in very shallow 
water to prevent the death of any air-breathing species that may be captured. However, 
in most studies involving siren, traps were more successful when staked to the bottom 
(Raymond, 1991; F .R. Gehlbach pers. comm.). This typically results in mortality of air-
breathing species such as aquatic snakes and turtles if traps are not checked frequently. 
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It has been reported that plastic minnow traps catch and retain Ambystoma 
macrodactylum more successfully than metal minnow traps, indicating that some 
salamander species may avoid metal (Fronzuto and Verrel, 2000). However, it is not 
known whether amphiuma or siren respond differently to metal vs. plastic traps. Both 
species have been captured in metal and plastic minnow traps (Gehlbach and Kennedy, 
1978; Raymond, 1991; Machovina, 1994), although there is anecdotal evidence that 
plastic minnows traps may be less successful than metal traps (R. Seigel pers. comm.). 
Commercial crayfish traps are large bell-shaped funnel traps. These traps were 
used successfully to catch apple snails (Pomacea paludosa) in the Florida Everglades 
(Croop 1996, Darby et al. 2001). Crayfish traps were also deployed during a wildlife 
field techniques course at the University of Florida. In both cases, a large number of 
siren and amphiuma captures were reported. In this study, I evaluated the effectiveness 
of crayfish traps in catching A. means and S. lacertina with implications for monitoring. 
As described above, there are a number of techniques used to detect aquatic 
salamanders. However, most of these methods have limitations and cannot be used for 
long-term monitoring programs. Trap design and placement undoubtedly affect the 
success of these methods. In this study, I attempted to develop a trapping regime that 
maximized capture success and could therefore be used to monitor salamander 
populations. Information gathered in this study also was used to determine activity 
patterns and to gather life history information for S. lacertina and A. means. 
Research Objectives/Questions 
1. To develop a reliable method of permanently marking S. lacertina and A. means 
for mark-recapture studies. 
--------
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2. To compare the efficacy of two funnel trap designs, crayfish traps and minnow 
traps, in capturing siren and amphiuma. 
• Does capture success vary with trap type? 
• Do baited traps catch more salamanders than unbaited? 
• Do salamanders exhibit a behavioral trap response? 
• Does trap-associated mortality differ between methods? 
• Record by-catch of both methods 
3. To look for patterns of salamander activity and to determine whether these 
patterns were correlated with temperature, season, and/or water depth. 
• Does trap success vary monthly? 
• Do environmental factors (water level, water temperature) affect capture 
success? 
4. To describe life history characteristics of salamanders obtained through mark-
recapture (e.g., size class distribution within populations, microhabitat preference, 
and movement patterns). 
5. To develop a protocol for monitoring siren and amphiuma populations. 
• Is there a most efficient time of year to sample? 
• Does baiting significantly affect capture success? 
• Does the number of traps or the number of trap-nights affect capture 
success? 
CHAPTER 2 
TRAPPING SUCCESS 
Introduction 
The biological importance of siren and amphiuma is not yet fully understood. 
Little ecological research has been conducted on either species. Some basic biological 
information and life history data are sti11lacking (Petranka, 1998). This lack of research 
may be partly due to unreliable sampling methods. Scientists currently do not have a 
standard method for capturing Siren sp. or Amphiuma sp. (Heyer et aI., 1994). A variety 
of techniques have been used including baited hook, dredging, rotenone, and funnel 
trapping, all with varying levels of success (Gehlbach and Kennedy, 1978; Hanlin and 
Mount, 1978; Raymond, 1991; Fauth, 1999; P.E. Moler, pers. comm.). 
In this portion ofthe study, I evaluated the success of commercial crayfish traps 
and minnow traps in capturing aquatic salamanders (s. lacertina and A. means). I also 
examined several factors that affect the capture success of crayfish traps, including 
baiting and number of trap days. The influence of environmental conditions (water 
temperature, rainfall, and water level) on capture rate also was evaluated. 
Methods 
Commercial crayfish traps (Lee Fisher International, Tampa, FL) are bell-shaped 
traps with three upturned funnels that sit at 45° angles (Figure 2-1). The funnels are 
located near the bottom of the trap such that the funnel entrance is adjacent to the 
substrate. In addition, traps are tall (ca. 80 cm), and can therefore be used to sample 
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deeper habitats, while still providing air space for any air-breathing species that may be 
captured (Darby et aI., 2001). The traps are made from plastic-coated chicken wire with 
a mesh size of2.5 cm. The funnel openings are ca. 4.5 em in diameter, however, because 
these traps are handmade there is slight variation in throat diameter. A 5 mm mesh 
Vexar™ lining was added to crayfish traps to catch smaller individuals and to prevent 
adult salamanders from being caught in the larger mesh and drowning. 
Minnow traps are inexpensive funnel traps ($6/trap) available from most 
commercial fishing outlets and come in a variety of sizes and materials. They have 
funnels on either end and can be floated or placed on the lake bottom. In this experiment, 
I used plastic minnow traps with modified funnel openings of 4.5 cm and mesh size of 5 
mm (Figure 2-2). 
Crayfish traps and minnow traps were paired and placed in trapping stations at a 
total of five study sites. Four study sites were within the Okefenokee National Wildlife 
Refuge (ONWR) and one site was at Lake Suggs, Melrose, Florida. Crayfish traps were 
staked to the substrate with 1.2 m long x 1.3 cm diameter PVC pipe. Floating minnow 
traps were attached to the same PVC pipe. At Lake Suggs, minnow traps were placed 
inside a dense vegetation mat, while still allowing part ofthe trap to remain above water. 
Since ONWR sites did not have such dense vegetation, small wooden floats were placed 
inside minnow traps to prevent traps from sinking. Trapping was conducted for one year 
(August 2001- August 2002). 
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Figure 2-1. Photo of commercial crayfish trap (Lee Fisher International, Tampa, 
FL) used to capture aquatic salamanders at Okefenokee National Wildlife Refuge 
and Lake Suggs, Melrose, FL. 
Figure 2-2. Photo of plastic minnow trap used to capture aquatic salamanders at 
Okefenokee National Wildlife Refuge and Lake Suggs, Melrose, FL. 
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Okefenokee 
Two sites (King 1, King 2) were located at the north end of ONWR, near 
Kingfisher landing. The remaining two sites (East 1, East 2) were located on the east side 
ofthe Refuge, near Chesser Prairie, off the Suwannee Canal (Fig. 2-3). 
King 1 and King 2 sites were located in coves along main canals and therefore 
had fairly stable water conditions throughout the study. A thick peat layer characterized 
the sites, with Nuphar luteum, Nymphaea odorata and Utricularia sp. as the dominant 
plant species. East sites were located adjacent to a man-made canal in a wet prairie. 
Water levels at these sites varied throughout the duration of the study. The substrate was 
comprised mainly of mud and muck, with sparse emergent vegetation (Panicum 
hemitomon, Orontium aquaticum, Lachnanthes caroliniana). 
Five traps of each type (crayfish and minnow) were set at each of four sites, for a 
total of 40 traps. All traps were baited using canned sardines in an attempt to maximize 
capture success. Traps were set in the late afternoon and checked the following day for a 
trapping period of < 24 hours. Traps were set for three consecutive nights each month. 
Total trapping effort was 1,440 trap nights. 
Lake Suggs 
Traps were placed along the east edge of Lake Suggs (290 41' 19.40" N, 820 00' 
50.88" W), within a thick mat of Hydrocotyle sp., Limnobium spongia, and Pontederia 
cordata. The mat was approximately 10m wide and encircled the entire lake. The 
decomposition of this vegetation mat has created a thick layer of muck that lies on top of 
an otherwise sandy bottom lake. 
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Figure 2-3. Map of Okefenokee National Wildlife Refuge showing four aquatic 
salamanders sampling locations: East 1 (El), East 2 (E2), Kingfisher 1 (Kingl), and 
Kingfisher 2 (King 2). 
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Water levels steadily declined over the course of the study due to drought and the 
vegetation mat was nearly completely dry by May 2002. During the last four months of 
the study (May, June, July, August) traps were placed progressively farther from shore in 
deeper water. By June 2002, most of the vegetation mat was completely dry; therefore, in 
order to submerge funnels, 60% of the traps had to be placed in open water on a sandy 
bottom with no vegetation. 
Twenty traps of each type (crayfish and minnow) were set at Lake Suggs. The 
traps were organized into five stations of four traps located along a 50 m stretch of 
shoreline. Trapping stations were ca. 5 m apart, traps within each station were ca. 1 m 
apart (Figure 2-4). 
A pilot study revealed that Lake Suggs had a dense population of salamanders (R. 
Franz, pers. comm.). Therefore, I chose to test whether baiting affected capture success at 
this site. Half of the traps in each station were baited with canned sardines. Baiting was 
assigned randomly before each trapping sessions and thus varied throughout the study. 
Traps were set for four consecutive nights per month and checked once a day (1,920 total 
trap nights). 
Environmental Data 
Environmental data were collected at both ONWR and Lake Suggs. Air and 
water temperature were collected prior to checking traps on each sampling day. In 
addition, automated temperature loggers (Onset Computer Corporation, Bourne, MA) 
were attached to traps below the surface ofthe water during trapping periods from 
November 2001- July 2002 at study locations to record fluctuations in daily water 
l<lJ~f4'1. .~:."t.1It # 
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---------------------
Figure 2-4. Location of Lake Suggs, Putnam County, Melrose, FL. Photo shows 
placement of crayfish traps and minnow traps in trapping stations within the vegetation 
mat. 
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temperature. Average daily water temperatures were then calculated using minimum and 
maximum daily readings. Data from Lake Suggs in June 2002 was unavailable due to 
logger failure. 
Monthly water level and daily rainfall data were collected for all sites. At Lake 
Suggs, a nearby weather station (Florida Automated Weather Network) recorded daily 
rainfall, while LakeWatch personnel monitoring the lake recorded monthly water level. 
At ONWR, daily rainfall and water level was recorded by Refuge gauging stations 
located near study sites. 
Data Analysis 
Analysis of variance (ANOVA) was used to determine if trap variables 
significantly affected overall and individual species capture rates. When significance was 
found (P < 0.05), Tukey's post-hoc test was performed to describe the relationships 
between significant trap variables. A paired t-test was used to analyze the effects of 
baiting on capture success at Lake Suggs. Capture success was measured for each 
trapping method using the following formula: 
(Number of captures / Total number of trap nights) x 100 
In cases where data did not follow a normal distribution, or sample size was very 
small, a Kruskal-Wallis non-parametric test was used. For all tests, count data were 
transformed using the square root function to reduce variance. However, all figures were 
produced using raw data. All statistical analyses were done using two-tailed tests with 
a = 0.05. Water level, water temperature, and rainfall were examined using Spearman's 
Rank correlations to determine if any significant predictive relationships existed between 
these factors and capture rate. For seasonal analyses, seasons were defined as follows-
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Spring: April-June, Summer: July-September, Fall: October-December, and Winter: 
January-March. All statistical analysis was done using SPSS version 11.0. 
Results 
Okefenokee 
The number of salamanders captured at ONWR was relatively low. One year of 
trapping resulted in only 78 total captures of 53 individuals. A. means was the most 
frequently captured species (n = 77), representing 99.0% of all captures. Only one S. 
lacertina, a juvenile, was caught during the study. 
Capture success of crayfish traps was markedly higher than minnow traps, 10.4% 
and 0.4%, respectively. Seventy-five captures were made with crayfish traps versus only 
three captures in minnow traps (Table 2-1). Overall recapture rate (24 recaptures/78 
total captures) was 30%. Throughout the study year, only one incidence of mortality 
(adult pig frog, Rana grylio) was observed in a crayfish trap. 
The number of captures differed significantly among the four study sites (F = 
6.767, df= 11, P = 0.014). Tukey's post-hoc test revealed there were significantly more 
captures at sites East 1 and King 2 than at sites East 2 and King 1 (Figure 2-5). There 
were 29 captures (37%) at East 1, 10 captures (13%) at East 2, 12 captures (15%) at King 
1, and 27 captures (35%) at King 2. The only S. lacertina was captured at King 2. 
Trap day had no affect on number of captures (X2 = 0.066, df= 2, P = 0.967). 
Twenty-six captures were recorded on each of the three trap days. Recaptures were 
similar among trap days, with nine recaptures on day one, nine on day two, and seven on 
day three (Figure 2-6). 
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Table 2-1. Total number of salamander captures (siren and amphiuma) and overall 
capture success for minnow traps and crayfish traps at Okefenokee National Wildlife 
Refuge. Trapping conducted from August 2001- July 2002. 
Trap Type # Captures # Trap Days Capture Success (%) 
Crayfish Trap 75 720 10.0 
Minnow Trap 3 720 0.4 
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The number of captures differed significantly among seasons (F = 4.781, df = 11, 
P = 0.034). Most captures occured in summer (54%), followed by spring (23%), winter 
(14%), and fall (9%) (Figure 2-7). Further, analysis of monthly capture data revealed 
significant differences between monthly capture totals ("l = 24.09, df= 11, P = 0.012). 
The months of June, July, August and September had higher capture rates than other 
months (Figure 2-8). 
There were three incidences of two A. means captured in the same trap. Since sex 
could not be determined, it was not known if these were male-female pairs. Two of the 
multiple captures occurred in September, the third in May. 
In addition to successfully capturing aquatic salamanders, crayfish traps also 
captured numerous other species during the study (Table 2-2). Fish were the most 
abundant taxa caught in crayfish traps, with a total of nine species observed. Larvae of 
three species of anurans and two aquatic snake species were captured in crayfish traps. 
Crayfish traps captured eight species not detected with minnow traps. All species 
captured with minnow traps, except one (Stinkpot, Sternotherus odoratus), were also 
captured using crayfish traps. 
Daily water temperature appeared to be slightly correlated with the number of 
salamander (primarily A. means) captures at ONWR. Daily water temperature is 
presented in Figure 2-9 and Figure 2-10. At Kingfisher sites, there was a significant 
positive correlation between daily average water temperature and number of captures 
(rs = 0.589, n = 21, P = 0.005). At East sites, there was no significant relationship 
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Figure 2-5. Total number of captures and recaptures of aquatic salamanders 
at four sites in Okefenokee National Wildlife Refuge from August 2001- July 2002. 
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Figure 2-6. Total number of captures and recaptures of aquatic salamanders at 
Okefenokee National Wildlife Refuge over three consecutive trap days. Trapping was 
conducted from August 2001- July 2002. 
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Figure 2-7. Total number of salamander captures by season at Okefenokee National 
Wildlife Refuge. Seasons were defined as Spring: April-June, Summer: July-September, 
Fall: October-December, and Winter: January-March. Data were collected from August 
2001- July 2002. 
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Figure 2-8. Total number of captures of aquatic salamanders (siren and amphiuma) by 
month at Okefenokee National Wildlife Refuge. 
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Table 2-2. Species captured in crayfish traps at Okefenokee National Wildlife Refuge. 
Life stage: A-adult, J-juvenile, L-larval 
Species captured Common Name Life stage 
Reptiles: 
F arancia abacura Eastern mud snake J 
Nerodia fasciata Banded water snake A 
Nerodia floridana Florida green water snake A 
Thamnophis sauritus Ribbon Snake A 
Amphibians: 
Acris gryllus Cricket frog A 
Amphiuma means Two-toed amphiuma A 
Rana clamitans Bronze frog L 
Rana grylio Pig frog A,L 
Rana sp. Unidentified Ranid L 
Rana sphenocephala Southern leopard frog L 
Siren lacertina Greater siren J 
Fish: 
Amia calva Bowfin J 
Centrarchus macropterus Flier J 
Elassoma sp. Pygmy sunfish A 
Enneacanthus gloriosus Bluespotted sunfish J 
Enneacanthus obesus Banded sunfish J 
Esox niger Chain pickerel J 
Etheostoma fusiforme Swamp darter A 
Fundulus sp. Topminnow sp. A 
Gambusia holbrooki Mosquitofish A 
Lepomis gulosus Warmouth J 
Leptoiucania ommata Pygmy killifish A 
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between temperature and number of captures (Table 2-3). However, this may have been 
an artifact of the small size. 
Water level (Figure 2-11) was positively correlated with number of captures at 
East sites (rs =0.400, n = 36, P = 0.016) but not at Kingfisher sites (rs = -0.188, n = 36, P 
= 0.272; Table 2-3). Once again, small sample size at Kingfisher may have affected the 
outcome of this analysis. 
There was no significant relationship between daily rainfall (Figure 2-12) and 
number of salamander captures at East sites. However, a slight positive correlation (rs = 
0.305, n = 36, P = 0.07), though not statistically significant, was detected between 
rainfall and total number of captures at Kingfisher sites. 
Lake Suggs 
A total of 205 salamanders was captured at Lake Suggs during the study year 
(September 2001-August 2002). Ofthe 205 captures, 124 individuals were caught and 
marked. Three species of aquatic salamander were captured at Lake Suggs: A. means, S. 
lacertina, and P. axanthus. A fourth group, Siren sp., included small siren that could not 
be positively identified as either juvenile S. lacertina or adult S. intermedia. Most likely, 
all of these salamanders were young S. lacertina, based on several recaptures that were 
later identified as S. lacertina. However, because identification was not confirmed in the 
field these animals were grouped separately for analysis. 
A. means was the most frequently captured salamander (n = 105), representing 
51 % of all captures. Thirty-six percent (n = 73) of captures were S. lacertina. Twenty-
five Siren sp. were caught, representing 12% of captures. P. axanthus was rarely 
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Figure 2-9. Minimum and maximum daily water temperatures (OC) recorded during trap 
days from November 2001-July 2002 at two study sites at Okefenokee National Wildlife 
Refuge. 
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Figure 2-10. Average daily water temperature (OC) of trap days from November 2001-
July 2002 at East and Kingfisher sites in Okefenokee National Wildlife Refuge. 
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Table 2-3. Spearman Rank correlations examinig the effects of environmental variables 
on capture success of siren and amphiuma at two study sites at Okefenokee National 
Wildlife Refuge (* denotes significance at a = 0.05 level). 
East Sites Kingfisher Sites 
Environmental variable N Rs P Rs P 
Water Temperature 24 0.190 0.375 0.589 0.005* 
Water level 36 0.400 0.016* -0.188 0.272 
Rainfall 36 0.173 0.314 0.305 0.070 
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Figure 2-11. Water level recorded on sampling days at East and Kingfisher salamander 
sampling sites in Okefenokee National Wildlife Refuge. 
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Figure 2-12. Rainfall amounts recorded on sampling days at East and Kingfisher 
salamander sampling sites in Okefenokee National Wildlife Refuge. 
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captured (n = 2) and accounted for only 1 % of captures. Due to the small sample size, P. 
axanthus was included only in the overall capture analyses. 
Crayfish traps were much effective than minnow traps at catching aquatic 
salamanders (Table 2-4, Figure 2-13). Crayfish traps had 195 total captures versus only 
10 captures in minnow traps. Ofthe total animals captured, 36 were marked, for an 
overall recapture rate of 18%. One striped crayfish snake (Regina alleni) died in a 
minnow trap at Lake Suggs; however, no mortality was observed in crayfish traps. 
Baiting did not affect overall capture success (t = -0.719, df=ll, P = 0.487). 
Fifty-two percent (n = 107) of captures occured in baited traps, compared to 48% (n = 98) 
in unbaited traps. A. means and Siren sp. were both caught with equal frequency in 
baited (52%) and unbaited (48%) traps. S. lacertina was more often captured in unbaited 
traps (60%); however, there was no statistical significance found (t = -1.253, df= 11, P = 
0.236; Table 2-5). 
The total number of salamanders captured was not affected by trap day (i = 
0.487, df= 3, P = 0.922). A. means, S. lacertina, and Siren sp. capture rates did not 
change significantly among trap days (Table 2-6, Figure 2-14). In addition, the number 
of first-time captures and recaptures did not differ among trap days (Figure 2-15). 
Season had no effect on total number of captures (F= 0.107, df= 11, P = 0.953; 
Figure 2-16). Analysis of variance revealed no significant relationship between season 
and number of S. lacertina (F= 0.366, df= 11, P = 0.780) or A. means (F= 2.879, df= 
11, P = 0.103) captures. However, the number of Siren sp. captures was significantly 
affected by season (F = 44.82, df = 11, P = 0). Siren sp. were captured more frequently 
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Table 2-4. Total number of salamander captures (siren and amphiuma) and overall 
capture success for minnow traps and crayfish traps at Lake Suggs, Melrose, FL. 
Trapping conducted from September 2001- August 2002. 
Trap Type # Captures # Trap Days Capture Success 
Crayfish Trap 195 960 20.3% 
Minnow Trap 10 960 1.0% 
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Figure 2-13. Percent oftotal captures by species for each trap type at Lake Suggs, 
Melrose, FL from September 2001- August 2002. CT=crayfish traps, MT= minnow 
traps, B= baited, UB= unbaited 
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Table 2-5. Results of a paired t-test comparing number of salamander captures in baited 
and unbaited traps. Analysis was conducted for total captures and individual species 
response using monthly capture data collected from September 2001- August 2002. All 
captures are from Lake Suggs, Melrose, FL. 
Captures Mean difference St. Dev T df P 
All -0.2154 1.03756 -0.719 11 0.487 
Amphiuma means -0.0374 0.80081 -0.162 11 0.874 
Siren lacertina -0.4198 1.16072 -1.253 11 0.236 
Siren sp. 0.1086 0.83486 0.451 11 0.661 
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Table 2-6. Results ofKruskal-Wallis analysis of trap day effect for all salamander 
captures and individual species at Lake Suggs, Melrose, FL. Data were collected from 
September 2001- August 2002. 
Captures X~ df P 
All 0.487 3 0.922 
Amphiuma means 0.513 3 0.916 
Siren lacertina 2.164 3 0.539 
Siren sp. 1.032 3 0.793 
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Figure 2-14. Total number of salamander captures by trap day at Lake Suggs, Melrose, 
FL. Data were collected from September 2001- August 2002. 
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in winter than all other seasons (Table 2-7). Although not statistically significant, A. 
means was captured less frequently in winter than in any other season. 
Analysis of monthly capture data revealed that month, species and month-species 
interaction were all significant factors in predicting capture success (Table 2-8, Figure 2-
17). April, September, and November had significantly more total captures than other 
months. MostA. means were captured in months April-June, and September-November. 
S. lacertina were most often captured in January, April, and September. While Siren sp. 
were most often caught in January-March. 
On seven occasions, multiple individuals were captured in the same trap. These 
multiple captures occurred in November, February, March, April, and August with no 
apparent seasonal pattern. Most multiple captures occurred in baited traps (n = 5). All 
multiple captures consisted oftwo individuals: two A. means (n = 3), two S. lacertina (n 
= 1), or one A. means and one S. lacertina (n = 3). In most instances when A. means was 
captured with another individual, injuries were present on one or both animals that could 
be attributed to A. means aggressive behavior. On several occasions, when checking 
traps, I observed A. means biting conspecifics or Siren sp. when placed together. 
In addition to aquatic salamanders, 18 other species were captured in crayfish 
traps at Lake Suggs (Table 2-9). Fish were the most abundant taxa captured in crayfish 
traps, with eight species represented. Aquatic snakes also were frequently captured at 
Lake Suggs, with a total of 42 captures of six different species. Adults and larvae of 
three frog species were recorded using crayfish traps, along with one species of turtle. 
Minnow traps only captured 13 (72%) of these species, missing most of the aquatic snake 
species. Minnow traps did not catch any species not captured in crayfish traps. 
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Figure 2-15. Number of first-time captures and recaptures of all salamander species 
(Siren lacertina, Amphiuma means, Siren sp., and Pseudobranchus axanthus) by trap day 
at Lake Suggs, Melrose, FL. Data collected from September 2001- August 2002. 
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Figure 2-16. Number of salamander captures by season and species at Lake Suggs, 
Melrose, FL. Seasons were defined as Spring: April-June, Summer: July-September, 
Fall: October-December, and Winter: January-March. Data were collected from 
September 2001- August 2002. 
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Table 2-7. Results of Tukey's post-hoc test examining effect of season on Siren sp. 
capture rates at Lake Suggs, Melrose, FL.(* denotes significance at a = 0.05 level). Data 
collected from September 2001- August 2002. 
Season (I) Season (J) Mean Difference (I-J) Std. Error P 95% Confidence Interval 
Lower Bound U~~er Bound 
Spring Summer -1.0000 0.20063 0.005* -1.6425 -0.3575 
Fall -1.3821 0.20063 0.001* -2.0246 -0.7396 
Winter -2.2939 0.20063 0.000* -2.9364 -1.6515 
Summer Spring 1.0000 0.20063 0.005* 0.3575 1.6425 
Fall -0.3821 0.20063 0.298 -1.0246 0.2604 
Winter -1.2939 0.20063 0.001* -1.9364 -0.6515 
Fall Spring 1.3821 0.20063 0.001* 0.7396 2.0246 
Summer 0.3821 0.20063 0.298 -0.2604 1.0246 
Winter -0.9119 0.20063 0.008* -1.5543 -0.2694 
Winter Spring 2.2939 0.20063 0.000* 1.6515 2.9364 
Summer 1.2939 0.20063 0.001* 0.6515 1.9364 
Fall 0.9119 0.20063 0.008* 0.2694 1.5543 
44 
Table 2-8. Results of two-way ANOV A evaluating effects of month, species, and 
species-month interaction on number of total salamander captures at Lake Suggs, 
Melrose, FL. (* denotes significance at a = 0.05 level). 
Type 1/1 
Source of variation Sum of df Mean Square F P 
Squares 
Corrected Model 62.547 35 1.787 6.610 0.000* 
Intercept 111.253 1 111.253 411.481 0.000* 
MONTH 12.034 11 1.094 4.046 0.000* 
SPECIES 18.033 2 9.017 33.349 0.000* 
MONTH * SPECIES 32.479 22 1.476 5.460 0.000* 
Error 29.200 108 0.270 
Total 203.000 144 
Corrected Total 91.747 143 
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Figure 2-17. Total number of captures of aquatic salamanders (siren and amphiuma) by 
month at Lake Suggs, Melrose, FL. 
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Environmental Data 
Water temperature (Figure 2-18, Figure 2-19) did not affect the number of A. 
means captured (Table 2-10). However, water temperature was significantly correlated 
with number of S. lacertina captured (rs = -0.458, n = 40, P = 0.003). As temperature 
decreased, S. lacertina captures increased. The number of Siren sp. captures was also 
negatively correlated with water temperature (rs = -0.342, n = 40, P = 0.031). 
Water level at Lake Suggs slowly decreased over the course of the study due to an 
ongoing drought (Fig 2-20). A weak positive correlation (rs = 0.532, n = 12, P = 0.076) 
existed between water level and total monthly captures. Individual species captures 
showed no correlation with water level (Table 2-10). 
Little rainfall occurred on trap days during the study year, however, most rainfall 
occurred in the summer months (Figure 2-21). Total captures were not affected by 
rainfall patterns (rs= 0.097, n = 48, P = 0.513). However, A. means captures were 
significantly influenced by rainfall (rs = 0.339, n = 48, P = 0.018). Rainfall was 
positively correlated with the number of A. means caught. Conversely, S. lacertina, and 
Siren sp. captures showed no response to rainfall (Table 2-10). 
Discussion 
Crayfish traps proved to be more successful for capturing aquatic salamanders 
than minnow traps at all study sites. Crayfish traps had a 10% capture rate at ONWR and 
a 20% capture rate at Lake Suggs, as compared to only 0.4% and 1 % for minnow traps, 
respectively. In addition, more species were captured in crayfish traps than minnow 
traps. Modified crayfish traps, because of their tall size, allowed captured species to 
breathe air, and thus had a very low rate of mortality. Thus, crayfish traps proved to be 
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Table 2-9. A list of species captured in crayfish traps at Lake Suggs, Melrose, FL. Life 
stage: A-adult, J-juvenile, L-larval 
Species captured Common Name Life stage 
Reptiles 
F arancia abacura Eastern mud snake A,J 
Nerodia fasciata Banded water snake A,J 
Nerodia floridana Florida green water snake A,J 
Nerodia taxispilota Brown water snake A 
Regina alleni Striped crayfish snake A 
Seminatrix pygaea Black swamp snake A 
Sternotherus odoratus Stinkpot J 
Amphibians 
Amphiuma means Two-toed amphiuma A,J 
Pseudobranchus axanthus Narrow-striped dwarf siren A 
Rana clamitans Bronze frog A,L 
Ranagrylio Pig frog A,L 
Rana sp. Unidentified Ranid L 
Rana sphenocephala Leopard frog L 
Siren lacertina Greater siren A.J 
Fish 
Elassoma spp. Pygmy sunfish A 
Enneacanthus gloriosus Bluespotted sunfish J 
Enneacanthus obesus Banded sunfish J 
Esox niger Chain pickerel J 
Etheostoma fusiforme Swamp darter A 
Fundulus spp. Topminnow A 
Gambusia holbrooki Mosquitofish A 
Lepomis gulosus Warmouth J 
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Figure 2-18. Maximum and minimum water temperature on sampling days recorded at 
Lake Suggs, Melrose, FL. Data from June 2002 is missing due to logger failure. 
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Figure 2-19 . Average water temperature recorded on traps days at Lake Suggs, Melrose, 
FL. Data from June 2002 is missing due to logger failure. 
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Table 2-10. Spearman Rank correlations examining the effects of environmental 
variables on total capture success and individual species capture rates at Lake Suggs, 
Melrose, FL. Data collected from September 2001- August 2002. 
Variable N Total captures Amphiuma Siren lacertina Siren sp. 
means 
Rs p Rs P Rs P Rs p 
Water level 12 0.532 0.075 0.160 0.619 0.425 0.168 0.442 0.150 
Water 40 
temperature -0.368 0.019* 0.234 0.145 -0.458 0.003* -0.342 0.031* 
Rainfall 48 0.097 0.513 0.339 0.018* -0.031 0.837 -0.195 0.184 
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Figure 2-20. Monthly water level recorded at Lake Suggs, Melrose, FL from August 
2001- August 2002 (data from LakeWatch). 
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Figure 2-21. Daily rainfall recorded at a weather station near Lake Suggs, Melrose FL 
from August 200l-August 2002 (data from the Florida Automated Weather Network). 
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an effective method for capturing aquatic salamanders and have potential use for species 
inventories of other aquatic fauna. 
The difference in capture success of siren and amphiuma between trap types can 
most likely be explained by the placement of funnels within the water column. Crayfish 
traps sampled the bottom of the water column. Minnow traps sampled the surface, 
because in this study, they were floated to prevent air-breathing vertebrates from 
drowning. If minnow traps had been staked to the bottom, capture success may have 
been more similar between trap types. 
I propose that Siren sp. and A. means are attracted to crayfish traps because of this 
funnel placement. Salamanders may be crawling into the funnels, mistaking them for 
burrows. Both species live in muck and bottom debris and they are known to burrow in 
bottom sediments and aestivate when water levels fall (Knepton, 1954; Freeman, 1958). 
I believe these species are frequent burrowers even when water level is high. Their body 
morphologies are highly adapted to a fossoriallifestyle. Burrowing may serve as a 
means of finding prey and avoiding predators. 
Trap Variables 
Interestingly, trap day had no affect on the number of salamander captures at 
either ONWR or Lake Suggs. One might suspect that as trap days increased, capture 
success would gradually decrease as animals became trap wary. My data suggest ~hat the 
total number of captures does not decrease with increased trap effort and thus these 
salamanders have equal catchability on all trap days sampled (between one and four 
days). 
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Baiting did not significantly affect the number of total salamander captures. 
Roughly half of all captures were in baited traps, the other half in unbaited traps. In 
addition, individual species did not seem to prefer the baited traps. Siren and A. means 
capture rates in baited and unbaited traps were roughly equal. Yet, it cannot be refuted 
that salamanders are attracted to baited traps. Both crayfish and minnow traps trap a 
large number of small fish and invertebrates. It can therefore be argued that these traps 
are self-baiting. 
Activity Patterns 
Capture success varied seasonally in the species considered. A. means were 
caught most often during summer at ONWR and during spring and summer at Lake 
Suggs. Very few captures were recorded during winter at either location. Siren showed 
an opposite trend, and were captured most frequently during winter. S. lacertina captures 
did not vary significantly among seasons. However, Siren sp. captures were most 
frequent in winter, and less frequent in fall and summer. No Siren sp. were captured in 
spring. These data indicate that the seasonal activity patterns of siren and A. means may 
differ greatly. 
Monthly capture data show that certain months were more likely to yield 
salamander captures than others. These monthly effects appeared to be species 
dependent and were probably affected by environmental variables. A. means at ONWR 
were captured with much greater frequency during June, July, August, and September. A. 
means at Lake Suggs showed a different pattern, with two distinct peaks of activity: April 
to June and then again from September to November. These differences may be due to 
dissimilar environmental conditions at the two locations. S. iacertina showed a similar 
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bi-modal pattern of activity. Captures were most frequent from December toApril but 
also were high in the month of September. Meanwhile, almost all Siren sp. were caught 
from January to March. Although, it is not certain what caused these peaks in, 
salamanders may be reproductively active during these periods. 
Siren lacertina, A. means and S. intermedia have been reported to breed in late 
winter and early springis spring, primarily February through March (Weber, 1944; Rose, 
1966; Hanlin and Mount, 1978). Siren are thought to congregate during breeding events, 
as has been noted in other salamanders with external fertilization (Ultsch, 1973). This 
may explain the large number of Siren captures during late winter and early spring at 
Lake Suggs. 
Very few A. means were captured at either location during early spring. 
Amphiuma means, have internal fertilization, thus probably do not form large breeding 
aggregates (Rose 1967). In addition, A. means are known to practice nest attendance 
(Weber, 1944; Gunzburger, 2001), which may explain the low number of captures during 
early spring. If adults are attending nests, they may be generally less susceptible to 
capture during this time. However, variation in monthly capture rates may be related to 
differences in environmental conditions. 
Environmental Variables 
At one location at ONWR (King), a positive correlation with water temperature 
was found. However, no such relationship was found at the other ONWR site (East) or at 
Lake Suggs. Siren showed a strong negative correlation between number of captures and 
water temperature. For both S. lacertina and Siren sp., captures increased as water 
temperature decreased. Most captures of siren occurred in late winter or early spring. 
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Water level was positively correlated with number of salamander captures at 
ONWR East sites. At these sites, water levels fluctuated dramatically, ranging from a 
flooded prairie to only small pools of water. Kingfisher sites did not show such a 
relationship. Water levels at Kingfisher were fairly constant throughout the study, which 
may explain the apparent lack of a relationship between the two variables. 
The water level at Lake Suggs fell throughout the study year. To work 
effectively, crayfish traps require ca. 25 cm of water to completely cover the funnels. 
Consequently, in June and July 2002 water level was so low that the vegetation mat was 
completely dry and most traps had to be placed in deeper, open water. The fact that no 
salamanders were captured in traps placed outside of the vegetation mat suggests that 
siren and amphiuma may not use clear, open water areas. Both siren and amphiuma are 
capable of aestivating in drought conditions and may have been burrowed in the muck at 
the lake margin during this dry period (Knepton, 1954; Reno et aI., 1972; Etheridge, 
1990). 
In response to low water levels, salamander behavior and trap placement may 
have affected overall trapping results from June and July at Lake Suggs. It is clear that 
total number of captures decreased as the water level receded. However, statistical 
analysis did not detect a relationship between water level and total number of captures, 
but I suspect this was due to the small sample size in this study (n = 12). 
Interestingly, capture success of A. means was positively correlated with rainfall 
at Kingfisher sties and at Lake Suggs. This correlation may be a result of differences in 
seasonal activity, since most rainfall in this area occurs during the summer months.or it 
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may be related to rising water levels. No relationship was found between rainfall and 
siren captures. 
Comparisons To Other Studies 
There have been few long-term studies of siren and amphiuma. In addition, very 
few studies have reported capture success for the trapping methods employed. However, 
the few published trapping results of siren and amphiuma are conflicting. Hanlin and 
Mount (1978) captured S. lacertina most frequently in June and July in Alabama, with 
very few captures in winter. They proposed that capture success was related to water 
temperature. Ultsch (1973) noted the highest number of captures of S. lacertina in 
Gainesville, FL occurred from February to April, and believed it was due to time of 
reproduction. 
Studies of S. intermedia show the same mixed results. Gehlbach and Kennedy 
(1978) found no differences among seasonal capture rates for S. intermedia in Texas. 
However, Raymond (1991) reported results similar to this study, with the greatest number 
of S. intermedia captures occurring in fall and winter in northwestern Louisiana. In 
addition, Frese (2000) studied a population of population of S. intermedia in southeastern 
Missouri and found no correlation between number of captures and water temperature or 
rainfall. 
Machovina (1994) conducted a study on A. means in South Florida with results 
similar to this study: A. means were caught most often in summer, captures were 
positively correlated with rainfall and water temperature, and few captures were made 
during dry, winter months. In addition, salamanders were captured more frequently in 
canal habitats that had fairly stable water levels. 
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Recommendations 
I believe that crayfish taps are an effective method for sampling siren and 
amphiuma. Traps were very productive, with overall capture success ranging from 10-
20%. Crayfish traps are an excellent method for sampling an extensive area and 
determining presence/absence or relative abundance. This, along with the high number 
of captures over 3-4 consecutive days, makes them ideal for long-term monitoring of 
aquatic salamander populations. 
I found significant variability in salamander captures due to season, month, and 
environmental variables. Based on my results, I have the following recommendations for 
maximizing capture success of siren and amphiuma, and developing monitoring protocols 
using crayfish traps: 
1. Crayfish traps should be placed in areas of thick rooted vegetation, or in areas 
of thick peat/organic debris to maximize capture 
2. Crayfish traps need not be baited to increase capture success. 
3. Trap success does not decrease over four days of consecutive trapping. 
Therefore, a smaller number of traps could be used over several days to 
increase trap effort without diminishing number of captures. 
4. Efforts to catch A. means in north-central Florida and Southeastern Georgia 
should be focused in summer, from June to September. 
5. To catch the greatest number of S. lacertina in north-central Florida and 
Southeastern Georgia, traps should be set in late winter to early spring 
(December - March). 
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6. Crayfish traps need at least 25 cm of water to cover funnels Therefore, water 
levels need to be fairly stable over time in sampled areas. Drought conditions 
lower capture success by altering species behavior and rendering traps 
ineffective. 
CHAPTER 3 
POPULATION CHARACTERISTICS 
Introduction 
Very little is known about the population ecology of siren and amphiuma. These 
salamanders have not been well-studied and basic information, such as growth rates and 
home ranges are unknown. Several long-term population studies of S. intermedia have 
been conducted that have given us much needed life history information (Gehlbach and 
Kennedy, 1978; Raymond, 1991; Frese, 2000). However, to date, no similar studies have 
been conducted with S. lacertina or A. means. 
The main objective of this portion ofthe study was to conduct a year-long mark-
recapture study on S. lacertina and A. means and to record information on life-history 
characteristics of the two species. Two study locations were examined: Okefenokee 
National Wildlife Refuge, southeastern Georgia and Lake Suggs, Melrose, Florida. 
Movement, microhabitat use, seasonal activity patterns, and growth data are described 
herein for these two study populations of siren and amphiuma. 
Methods 
Since little information was available in the existing literature, I first needed to 
determine reliable methods for catching and marking siren and amphiuma. Two funnel 
trap designs were used in the study and their effectiveness was evaluated (see Chapter 2). 
Several techniques were tested before trapping began, to find a reliable, lasting method of 
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marking individual salamanders. In addition, techniques were developed to efficiently 
handle and measure the animals in the field. 
Marking 
Siren and amphiuma have darkly pigmented skin both on the dorsal and ventral 
surface. This makes some conventional marking techniques, such as tattooing and 
injectable dyes, which are typically applied to the lighter venters of most amphibians, 
difficult to read. There have been only a few published studies using mark-recapture on 
siren (Gehlbach and Kennedy, 1978; Raymond, 1991; Frese, 2000) and none onA. 
means. These studies focused on S. intermedia. Individuals were marked using heat 
branding, and in all studies, brands persisted for the length ofthe study (9 - 96 months) 
I tested the following marking methods: cyano-acrylic, tail notching, Passive 
Integrated Transponders (PIT tags, Biomark Inc.), and heat branding on four captive 
individuals (two S. lacertina, one A. means, one S. intermedia). After being marked, 
animals were kept in aquaria to observe any adverse effects of the procedure and to 
monitor the persistence of the mark. 
Heat brands were illegible after only two months. Similarly, tail notching was 
unsuccessful because ofthe salamanders' quick regenerative capabilities. This technique 
would likely also be unsuccessful in the field because of the high frequency of tail loss 
observed in wild-caught animals (pers. obs.). The cyano-acrylic produced no noticeable 
mark. PIT tags were retained for the duration ofthe study (12 months) by all lab animals 
(n = 3). 
Based on preliminary testing, PIT tags were chosen as the best means of 
permanent identification of salamanders in this tudy. All PIT tags were inserted in the 
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dorsal region of the tail, immediately posterior to the vent. This is an area of fat reserve 
(Martof, 1969), so risk of organ damage was minimal. To further reduce the possibility 
of injury, PIT tagging was not performed on small animals with little body fat. 
Therefore, all mark-recapture data presented is for animals large enough to safely PIT tag 
(> 20 g wet body mass for S. lacertina, > 45 g wet body mass for A. means). 
No antiseptic or liquid suture was applied post-injection. Injection sites in lab 
animals were undetectable within two days. All recaptured animals collected in the field 
had healed wounds with no obvious signs of trauma. No mortality occurred during tag 
injection in the lab or field. 
It is uncertain what the long-term retention rate for PIT tags is for these two 
species. Due to their quick healing time, I suspect it is quite high, but this should be 
investigated further. Loss of marks affects population and survival estimates generated 
from mark-recapture data (Heyer et aI., 1994). For my data analysis, I assumed marks 
were permanent. 
Squeezebox 
A squeezebox was built to restrain salamanders without the need for anesthesia. 
Anesthesia has been routinely used to immobilize large aquatic salamanders prior to 
marking them or taking morphological measurements (Gehlbach and Kennedy, 1978; 
Raymond, 1991; Fauth and Resetarits, 1999). Although anesthetization is regularly 
performed on amphibians, there may be associated health risks to the animals (Downes, 
1995; Anholt et. aI., 1998). Further, the long-term effects of anesthesia on survivorship 
of amphibians are not known. Use of anesthesia also increases a researcher's time spent 
in the field, with up to 20-30 minutes needed to allow animals to fully recover (Frese, 
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2000). The squeezebox eliminates the need for anesthesia and allows the researcher to 
measure and mark animals in just a few minutes. 
Squeezeboxes have been used effectively for restraining venomous snakes (Quinn 
and Jones, 1974; Cross, 2000) and salamanders (Wise and Buchanan, 1992). The animal 
is held between a layer ofPlexiglas™ and a soft surface (usually foam rubber) allowing 
measurements to be taken through the Plexiglas™ with no harm to the animal or 
researcher. Using this concept, I built a small, portable, inexpensive squeezebox for use 
with large aquatic salamanders in the field. 
A plastic storage box measuring 35 cm long, 22 cm wide, and 12 em deep was 
fitted with 5 cm thick foam rubber and a 1 cm thick Plexiglas™ top (Figure 3-1). Holes 
were drilled and tapped in the Plexiglas™ top and PVC pipe tiedowns were bolted on 
using flush-fitting nylon anchors to provide handles. The resulting product was easily 
grasped from above but was smooth and free of abrasive surface below. I handled 
primarily S. lacertina and A. means, which required a thick foam pad and Plexiglas™ 
because of their large size (ca. 15 - 80 cm total length). Immobilization was 
accomplished by sandwiching the salamander between lid and foam, and applying 
pressure to keep the salamander restrained. A grease pencil was used to trace total 
length, snout-vent length, and various other morphological measurements on the 
Plexiglas™ surface. 
In addition, a 4 cm diameter hole was drilled in the Plexiglas™ lid to provide 
access for marking the animal. Heat-branding and Passive Integrated Transponder 
tagging were both used successfully while animals were restrained in the squeezebox. 
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Figure 3-1. Photo of squeezebox used for measuring and marking aquatic salamanders 
(siren and amphiuma) in the field. 
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The squeezebox was disinfected with 10% bleach solution between sites to minimize risk 
of disease or parasite transmission among individuals. 
In order to test the reliability of measurements taken using the squeezebox, a 
series of measurements was collected using museum specimens (n = 15) of three different 
salamander species (S intermedia, S iacertina, and A. means). Each animal was 
measured three times by a single observer with and without the squeezebox. Linear 
regression was used to compare the direct measurements to those taken with the 
squeezebox. The calculated? value was 0.99, indicating a near perfect correlation 
between squeezebox and direct measurements (Figure 3-2). Further, there was no 
significant difference in measurements between methods (t = -0.69; P = 0.49, SE = 0.74 
cm.). The standard error (0.74cm) included both human measurement error and error 
associated with the technique. Squeezebox error may be slightly higher when live 
animals are measured, but live animals were not used in this experiment because they are 
impossible to restrain and measure by hand without anesthetization. 
Trapping 
Trapping was conducted for one year (August 200l-August 2002) at ONWR and 
Lake Suggs. The trapping design consisted of trapping stations located in different areas 
ofthe swamp at ONWR, or along a linear transect at Lake Suggs (see Chapter 2 for more 
detail). A total of 53 individual salamanders was captured and marked at ONWR and 
124 individuals at Lake Suggs. Fourteen out ofthe 53 individuals captured were 
recaptured at ONWR for a recapture percentage of 26%. Twenty-six individuals of the 
124 individuals at Lake Suggs were recaptured for a recapture percentage of 21 %. 
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Figure 3-2. Regression line showing the relationship between total length measurements 
taken by hand (direct) and with a squeezebox (n = 45). Data were collected using 
museum specimens of Siren lacertina, Siren intermedia, and Amphiuma means. 
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Three species of salamander were captured at Lake Suggs: A. means, S. lacertina, 
and Pseudobranchus axanthus. In addition, small siren captured were initially recorded 
as Siren sp. because they could not identified positively as either young S. lacertina or S. 
intermedia in the field. However, after examining later recaptures, it is almost certain 
that these individuals were young S. lacertina. Thus, for all population analyses, Siren 
sp. and S. lacertina captures have been grouped together as S. lacertina. P. axanthus was 
not included in the population analysis because of the small sample size (n = 2). 
Similarly, only one S. lacertina was captured at ONWR and is therefore not included in 
population analysis. 
Morphometric Data 
A number of measurements was collected on individuals captured, including body 
mass (wet), total length, and snout-vent length (SVL). Animals were placed in large 
Ziploc™ bags for weighing. Wet-body mass (total weight - bag weight) was measured to 
the nearest 0.1 g using Pesola™ spring scales. Length was measured with a flexible tape 
measure and recorded to the nearest 1 mm. ForA. means, SVL was measured from the 
tip of the snout to the point of hind limb attachment, which corresponds to the posterior 
end of the vent. For siren, SVL was measured from tip of snout to middle of vent. 
An additional suite of morphological measurements was taken to look for external 
differences between sexes (see Hanlin and Mount, 1978). These measurements, taken to 
the nearest 1 mm using Vernier calipers, included: head length (tip of snout to posterior 
of masseter muscle), eye width (distance between eyes), and girth (measured behind front 
limbs). All measurements were taken by the same observer to maintain consistency 
among sampling periods. 
- - ---~-~-- ~-------.---~-----------------
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Population Analysis 
Monthly growth rates were calculated by subtracting initial measurements (SVL 
and mass) from final measurements and dividing by the number of months between 
captures. Length-mass regression equations were derived with simple linear regression 
using the program SPSS 11.0. 
The data from my sampling design (multiple secondary sampling occasions 
within multiple primary occasions) were originally intended to be analyzed using the 
robust-design model (Williams et aI., 2002). However, the robust-design proved 
ineffective in analyzing my data due to the lack of multiple individual recaptures. Thus, 
for population analyses, data from secondary occasions (days) were lumped into primary 
occasion (month) capture histories to increase total number of recaptures. Since 
population closure could not be assumed between months, an open population model was 
used. 
The Cormack-Jolly Seber (CJS) model is an open population model frequently 
used to calculate survival rates and recapture probabilities (Cormack, 1964; Jolly, 1965; 
Seber, 1965). Assumptions of the CJS model include: equal recapture probabilities and 
survival rates for marked animals, no loss of marks, immediate release of marked 
animals, and permanent emigration (Lebreton et aI., 1992). CJS was used for both study 
locations because it is more robust than other open models if individual heterogeneity 
occurs, i.e., model assumptions are not met (Williams et aI., 2002). 
The Jolly-Seber model is also applicable to open populations (Jolly 1965; Seber 
1965). It has the same model assumption as CJS. However, Jolly-Seber allows 
calculation of population estimates in addition to survival rates and recapture 
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probabilities. It should be noted that the Jolly-Seber model is not as robust as other 
models because it does not account for individual heterogeneity (Williams et aI., 2002). 
However, because of my small data set, it was the only model that would estimate 
population size without violating assumptions of population closure. 
The low number of recaptures made population analysis difficult. Simplified 
models of constant survival, recapture probability, and population size were assumed 
because oflack of data to support more complex models. Goodness-of-fit testing of 
models was performed using Program RELEASE to ensure model fit. All population 
analysis was performed using Program MARK (White and Burnham, 1999). 
Results 
Habitat Selection and Movement 
Data on habitat preference and movement are available for the Lake Suggs 
population because of the linear trapping design used. However, at ONWR, too few traps 
were set at each location (East and King) to describe movements or microhabitat use. 
At Lake Suggs, all salamanders were captured in traps placed within the 
vegetation mat. Traps placed in the open center of the lake during months of low water, 
yielded no captures. Movement of S. lacertina and A. means among trap stations at Lake 
Suggs was rarely observed. Most recaptures (83%) occurred at the same trapping station 
as the original capture. However, on three occasions (8%), A. means were captured at 
different trapping stations. The maximum distance between captures. was 5 m over two 
months. Three S. lacertina (8%) were also recaptured away from their original capture 
locations. Maximum distance moved between captures for S. lacertina was 10m over 
four months. 
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Seasonal Activity 
At Lake Suggs, most siren (42%) were captured in winter (January-March). 
However, most A. means (38%) were captured in spring (April-June). Seasonal capture 
data for both species are presented in Figure 3-3. At ONWR, A. means was most often 
(54%) caught in summer (Figure 3-4). However, at both Lake Suggs and ONWR, A. 
means was rarely captured during winter (January-March). 
Size Class Distribution 
The size class distribution of siren and amphiuma populations at ONWR was 
heavily skewed towards adults (Figure 3-5). No juvenile A. means were captured during 
the study period. Thus, no information on juvenile growth rates or recruitment was 
determined for this population. 
At Lake Suggs, juvenile and adult A. means and S. lacertina were captured 
throughout the study year. Size class distribution was roughly bimodal for A. means; 
most captures fell into two size groups: between 250-349 mm SVL or between 400-499 
mm SVL (Figure 3-6). Most S. lacertina captured fell into one size class: 150-199 mm 
SVL (Figure 3-7). 
Growth 
Due to the low number of multiple recaptures at both locations, I was unable to 
calculate growth rates with any certainty. In addition, between captures, there was 
variability in measurements most likely caused by a combination of technique and human 
error. At ONWR, A. means (n = 10) weight gains ranged from 0.0-10.6g1month wet-
mass (SE = 1.47). Growth was highly variable with some individuals showing zero or 
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Figure 3-3. Percent of salamander captures in each season for Amphiuma means and 
Siren lacertina at Lake Suggs from August 2001-2002. Seasons were defined as Spring: 
April-June, Summer: July-September, Fall: October-December, and Winter: January-
March. 
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Figure 3-4. Percent of Amphiuma means captures by season at Okefenokee National 
Wildlife Refuge from August 2001-2002. Seasons were defined as Spring: April-June, 
Summer: July-September, Fall: October-December, and Winter: January-March. 
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Figure 3-5. Size class distribution of Amphiuma means captured at Okefenokee National 
Wildlife Refuge from August 2001-2002 (n = 77). 
25 
20 
In 
'i 
:::s 15 
"C 
:~ 
~ 10 
=t:I:: 
5 
74 
o +---t--'---+-
100 150 200 250 300 350 400 450 500 550 600 
Snout-vent length (mm) 
Figure 3-6. Size class distribution of Amphiuma means captured at Lake Suggs, Melrose, 
FL from August 2001-2002 (n = 101). 
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Figure 3-7. Size class distribution of Siren lacertina captured at Lake Suggs, Melrose, 
FL from August 2001-2002 (n = 87). 
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negative weight gain, and others having average gains of 10 glmonth. Snout-vent length 
measurements also were variable, ranging from 0.0-12.5 mmlmonth (SE = 1.24). 
At Lake Suggs, both A. means and S. lacertina exhibited similar variability in 
growth rates. ForA. means (n = 12), growth rates ranged from 0.0-9.0 mmlmonth SVL 
(SE = 3.77) and 0.0-21.0g/month wet-mass (SE = 3.03). S. lacertina (n = 6) growth 
ranged from 0.0-8.5mmlmonth SVL (SE = 1.65) and 0.0-11.0 glmonth wet-mass growth 
(SE= 1.89). 
Length-mass graphs show that both species have exponential growth curves 
(Figure 3-8). The natural log of measurements were graphed and a linear equation was 
fitted to the data. The resulting growth equations for both species were very similar 
(Table 3-1). 
Sex Determination 
No external differences between the sexes were detected for A. means or S. 
lacertina using the morphological measurements collected. A number of measurements 
were compared including: head length and head width, total length and girth, SVL and 
girth, and tail length. No apparent relationships or patterns existed among these 
measurements. 
Population Analysis 
Okefenokee National Wildlife Refuge. At ONWR, study sites were located in 
different parts of the swamp (see Figure 2-3). Thus, mark-recapture data for each site 
were individually analyzed using mark-recapture data. Results of these analyses are 
presented in Table 3-2. 
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Figure 3-8. Length-mass graphs of Siren lacertina and Amphiuma means captured at 
Lake Suggs, Melrose, FL from August 2001-2002. 
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Table 3-1. Growth equations for Amphiuma means and Siren lacertina using wet body 
mass (WBM) as a predictor for snout-vent length (SVL). Data is from Okefenokee 
National Wildlife Refuge and Lake Suggs, Melrose, FL. 
SQecies Location N Growth Eguation R R'" 
Amphiuma means ONWR 77 In SVL - 0.30(ln WBM) + 4.5 0.98 0.98 
Amphiuma means Lake Suggs 84 In SVL = 0.31 (In WBM) + 4.4 0.96 0.96 
Siren lacertina Lake Suggs 76 In SVL = 0.33(ln WBM) + 3.9 0.98 0.96 
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Table 3-2. Results of population analysis of Amphiuma means at Okefenokee National 
Wildlife Refuge. Survival rate, recapture probability, and population estimates are 
provided for each site with 95% Confidence Intervals in parenthesis. Estimates are given 
for both Jolly-Seber (JS) and Cormack-Jolly-Seber models (CJS). (--- Indicates 
insufficient data to estimate parameter). 
Site N Survival Rate (phi) Recapture probability (P) Population 
- -
JS CJS JS CJS estimate 
East 1 16 0.86 0.67 0.18 0.40 14.8 
(0.66-0.95) (0.45-0.84) (0.09-0.35) (0.17-0.67) (8.3-39.5) 
East 2 7 ---- ---- ---- --- ----
King 1 8 0.83 0.73 0.08 0.26 31.5 
(0.83-0.83) (0.40-0.91 ) (0.02-0.30) (0.07-0.62) (10.0-0.7) 
King 2 17 0.97 0.62 0.09 0.40 13.9 
(0.09-0.99) (0.34-0.84) (0.03-0.23) (0.14-0.73) (6.03-2.4) 
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Estimates of survival between months varied from 0.83-0.97 using lolly-Seber, 
while CJS produced lower estimates of 0.42-0.73. Recapture probability was very low 
with Jolly-Seber (0.08-0.18), whereas estimates were somewhat higher using CJS (0.26-
0.42). 
Lake Suggs. All traps were located within a 50 m area of shoreline and therefore 
captures were considered representative of one population. Population analysis was 
performed separately for A. means and S. lacertina. Results are presented in Table 3-3. 
For S. lacertina, survival estimates between months were high, ranging from 0.88 
(CIS) to 1.00 (Jolly-Seber). Recapture probability was very low, 0.02 using Jolly-Seber, 
and 0.03 with CJS. A survival estimate for A. means of 0.77 was calculated using CJS, 
because not enough data was available for Jolly-Seber to produce an estimate. Recapture 
probabilities were low, ranging from 0.08 (Jolly-Seber) to 0.11 (CJS). 
Discussion 
Habitat Selection and Movement 
Capture data at Lake Suggs suggested that salamanders inhabited heavily 
vegetated habitats rather than the otherwise sandy bottom lake. In June and July, when 
the vegetation mat dried up, traps were placed outside of the mat on the sandy bottom. 
No salamanders were captured in these traps, indicating that salamanders were either 
moving to pockets of remaining inundated vegetation or were aestivating in the exposed 
muck until water levels returned to previous levels. 
I recorded no movements of S. lacertina or A. means greater than 10m. This was 
consistent with what Gehlbach and Kennedy (1978) reported for S. intermedia. However, 
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Table 3-3. Results of population analysis of Amphiuma means and Siren lacertina at 
Lake Suggs, Melrose, Florida. Survival rate, recapture probability, and population 
estimates are provided for each site with 95% Confidence Intervals in parenthesis. 
Estimates are given for both lolly-Seber (JS) and Cormack-lolly-Seber models (CJS). 
(--- Indicates insufficient data to estimate parameter). 
Species Survival Rate (phi} Recapture probability (p) Population 
JS CJS JS CJS estimate 
Amphiuma means --- 0.77 0.08 0.11 141 
(0.60-0.89) (0.05-0.11) (0.05-0.21 ) (106-189) 
Siren lacertina 1.00 0.88 0.02 0.03 639 
(0.99-1.00) (0.38-0.99) (0.01-0.03) (0.01-0.09) (299-1377) 
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Frese showed movements of up to 47 m for S. intermedia, with 75% of all movements 
longer than 10m. No information on A. means movement was available. 
In order to more accurately examine movement, a trapping grid or web that 
includes more traps and thoroughly encompasses the area should be used in future 
studies. My trapping stations were arranged in a linear transect that did not sample the 
entire habitat, and may therefore have missed individuals passing through the area. 
Radio-telemetry should be explored as a possible means of collecting diel and seasonal 
movement data on these poorly understood species. 
Seasonal Activity 
Clear differences in seasonal activity patterns existed between the species 
considered. At Lake Suggs, A. means and S. lacertina were captured at different rates 
throughout the year. S. lacertina were most frequently encountered in winter, while A. 
means were more common in Spring. Results at ONWR were different, in that A. means 
was captured most frequently in summer. 
Other researchers have found conflicting results regarding seasonal activity of 
both species. Machovina (1994) found that trappingA. means was more successful in 
summer, which is similar to my results at ONWR. 
With siren, trap success has been reported to be positively correlated with water 
temperature for both S. intermedia and S. lacertina (Gehlbach and Kennedy, 1975; 
Hanlin and Mount, 1978). However, Raymond (1991) found S. intermedia in Louisiana 
to be more active in fall and winter. My data mirror these findings, suggesting that 
seasonal activity patterns may vary geographically or with environmental conditions. 
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Size Class Distribution 
No juvenile A. means were captured at ONWR during a year of trapping. This 
indicates that the population is skewed towards adults. However, since only four 
locations were sampled, it is possible that this result may be due to differences in habitat 
use or behavior between adults and juveniles. Further, more extensive trapping needs to 
be conducted in order to confirm overall size class distribution of the population. 
Juveniles and adults of both species were captured at Lake Suggs. However, few 
juvenile A. means were captured relative to S. lacertina. This, together with data from 
ONWR, suggests that juvenile A. means may not be using the same habitat or are less 
likely to enter traps than adults. 
A. means showed a bi-modal size class distribution. Most A. means captured were 
between 250-349 mm SVL or 400-499 mm SVL. A. means reach sexual maturity at 260 
mm SVL, indicating that most of the population are breeding adults (Machovina, 1994). 
Most S. lacertina captures were 150-199 mm SVL. There is no information available on 
minimum size of sexual maturity in S. lacertina. However, the large number of small, 
presumably juvenile siren captured indicates recruitment into the population. 
Growth 
My results indicated that growth was highly variable among individuals of both 
species considered; however, the low number of recaptures likely influenced the results. 
R. Franz (pers. comm) found growth rates of captive A. means (n = 3) to range from 0.0 
to 0.08 cm per day over a one year time period. Frese (2000) found that growth rates for 
S. intermedia varied from 0.00007 to 0.019 cm per day over a nine-month period (n =50). 
Meanwhile, Gehlbach and Kennedy (1978) estimated that growth rate was much faster 
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for S. intermedia, averaging 0.12% per day. However, their overall growth equation was 
similar to that found in this study (log SVL = 0.34(log WBM) + 3.96, r = 0.94). Growth 
rate may indeed be variable between individuals of all three species, and needs to be 
examined in greater depth. 
Sex Determination 
I did not find the same predictive head length-head width ratios for determining 
sex in S. lacertina as Hanlin and Mount (1978). I suspect this may be due to differences 
in measurement location, or the use of dead specimens in their study as opposed to live 
animals used in my study. Head size differences may exist, but was not examined further 
in my study population because of the large number of animals that would need to be 
sacrificed to determine gender. 
Very little work has been done on sex determination ofA. means, but anecdotal 
evidence suggests that they may also exhibit differences in head morphology between 
males and females (Gunzburger, pers. comm.) However, Machovina (1999) found no 
external sex differences in A. means, after analysis of over 100 individuals from South 
Florida. More research on this topic needs to be conducted to determine if sex of either 
species can be reliably distinguished in the field. 
Population Analysis 
The low number of recaptures made population analysis difficult. In addition, 
trapping design, drought effects, and a lack of general life history information 
undoubtedly affected the estimation of population parameters (survival rate, recapture 
probability, and population size/density). Therefore, the estimates from both models 
(eJS, Jolly-Seber) should be considered preliminary, at best. Results have been 
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presented only because of the severe lack of population information available on these 
speCIes. 
Cormack-Jolly Seber and Jolly-Seber used in this study have the same 
assumptions, one of which is equal capture probability among individuals. However, it is 
highly likely that capture probability was not identical among individuals of either 
species. Aestivation triggered by decreasing water level and a possible behavioral trap 
response may result in variable capture probabilities over time. This is a violation of both 
models and must be considered. 
Other researchers have undoubtedly faced this problem, and it may explain the 
lack of population data available for either species. It is clear that recapture probabilities 
are low in both S. lacertina and A. means I calculated recapture probabilities of S. 
lacertina to range from 0.02 to 0.03, and were 0.08 - 0.11 for A. means. In a study of S. 
intermedia with over 900 marked individuals, only 92 were recaptured, for a total 
recapture rate of only 10% (Frese, 2000). This was the only published study that 
provided information on recapture rates for siren, while nothing was available for A. 
means. Recapture probability most likely varies between populations, habitats, and 
geographic locations. 
Recapture probability is important to know prior to beginning a population study, 
because the total number of marked animals needed to estimate population parameters is 
ultimately dependant upon recapture probability. Therefore, for population studies 
involving either S. lacertina or A. means, a large number of animals must be captured and 
marked to obtain sound population information. Frese (2000) marked over 900 S. 
intermedia individuals, while Raymond (1991) captured nearly 300 S. intermedia 
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individuals. I had significantly fewer individual captures than either of these studies, 
suggesting that I needed to increase number of trap nights, area sampled, or trapping 
effort. 
I was able to calculate an estimate of salamander density at Lake Suggs using the 
estimated population sizes and a sample area of 500 m2. These estimates are admittedly 
rough, because the linear trapping design used was not intended to sample all of the study 
area. The estimated population density of A. means at Lake Suggs was 0.28 
individuals/m2. Interestingly, the density estimate for S. lacertina at Lake Suggs (1.3 
individuals/m2) is identical to that found for S. intermedia in two other published studies 
(Gehlbach and Kennedy, 1978; Frese, 2000). These data support the belief that siren are 
abundant in some habitats and can represent substantial biomass of an aquatic ecosystem. 
Thus, in terms of biomass, siren and amphiuma are important members in the food web 
and a decline in their populations might have far-reaching effects on other species. 
CHAPTER 4 
CONCLUSIONS 
This study showed that modified crayfish traps effectively sample bottom-
dwelling aquatic salamanders (Siren lacertina and Amphiuma means). Overall trap 
success was significantly affected by month and water temperature. However, Siren 
lacertina and Amphiuma means were affected differently by these variables. Siren were 
captured most often in late winter/early spring when water temperatures were low. 
Amphiuma means were captured most frequently in late spring and early fall during times 
of high water temperature. These results indicate that differences in seasonal activity 
patterns exist between these species. Therefore, conclusions for similar species cannot be 
drawn based on these results alone. Furthermore, there are likely geographic differences 
in activity patterns for these two species. 
The benefits of crayfish traps are numerous: traps are inexpensive ($25) and have 
high capture success relative to other funnel trap designs (i.e., minnow traps); traps are a 
non-destructive sampling method, causing no damage to the surrounding habitat; and 
modified traps have very low associated mortality rates. In addition, these traps captured 
an entire suite of aquatic fauna, including many aquatic snakes, turtles, frogs, and fish. 
Crayfish traps may be useful for studying populations of these species, and their 
effectiveness should be investigated further. Although crayfish traps are a relatively new 
trapping method for amphibians, preliminary results indicate that they are ideal for long-
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term monitoring of aquatic salamanders and may be useful in conducting general aquatic 
species inventories. 
Further research is still needed to evaluate crayfish trap efficiency (i.e., how many 
individuals in the population are effectively sampled). Also, individual capture response 
of aquatic salamander species should be examined. The low number of recaptures in this 
and another study (Frese, 2000), suggests that significant behavioral responses to 
trapping may exist in Siren lacertina and Amphiuma means. This, however, must be 
evaluated by using a broader, more systematic trapping scheme. In addition, such a 
scheme, combined with mark-recapture, should yield a higher number of captures and 
recaptures that can be used to collect important life history information including: 
movement patterns, home range size, survival rates, growth rates, and more accurate 
estimates of population size and density. 
Monitoring amphibian populations has become increasingly important because of 
recent concerns over anuran deformities and amphibian population declines (Blaustein 
and Wake 1990; Pechmann et aI., 1994). However, large-scale monitoring efforts have 
focused mostly on frogs (e.g., NAAMP, Frogwatch USA). Fully aquatic salamanders 
have received little attention in monitoring programs. We know nothing about their 
current populations or if they have experienced population declines (Petranka, 1998). 
Although siren and amphiuma may be locally abundant in some areas (Gehlbach 
and Kennedy, 1978, Frese, 2000; this study), widespread population data is currently 
unavailable (Petranka, 1998). It is possible that populations of these species have 
actually increased in the last few decades because of human manipulations of aquatic 
habitats (water stabilization, nutrient loading, and introduced aquatic plants), which have 
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created more lakes with dense vegetation and muck beds (Moyer, 1991). However, we 
can only speculate because we lack historical information on populations. 
Despite documentation of high population densities in some areas, there are still a 
number of threats facing aquatic salamanders that may cause population declines in the 
future. Habitat loss, through wetland filling and subsequent development, is the most 
direct impact. However, muck removal during lake restoration efforts also reduces 
habitat and can have negative impacts on populations of siren and amphiuma 
(Gunzburger and Aresco, 2001). Further, increased wetland isolation due to 
development, may prevent siren and amphiuma from repopulating nearby wetlands, 
causing overall population declines and possible extirpations (Snodgrass et aI., 1999). 
Environmental contaminants can have dramatic effects on a number of amphibian 
species. These effects are often most severe during the aquatic life stages of amphibians 
(Hayes et aI., 2002; Sparling et aI., 2002). Thus, fully aquatic salamanders, such as siren 
and amphiuma, may be especially vulnerable. In addition, siren and amphiuma are top 
predators in many small wetland systems, so contaminants may have amplified effects 
through biomagnification (Kormondy, 1996). 
Clearly, there is a need to learn more about siren and amphiuma populations. 
Thus, monitoring programs and biological studies need to be established now, in order to 
collect much-needed information for the future conservation and management of these 
species. Hopefully, the success of crayfish traps in sampling Siren lacertina and 
Amphiuma means will encourage more research on these poorly understood species. 
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